Introduction
Acanthamoeba keratitis (AK) is a potentially sight-threatening infection caused by several types of amoeba of the genus Acanthamoeba. 1 In recent years, AK has been increasing in prevalence, and outbreaks attributable to the use of certain types of contact lenses and cleaning solutions have been recorded. 2, 3 The traditional treatments for AK are topical medications such as biguanides (0.02% chlorhexidine or 0.02% polyhexamethylene biguanide [PHMB] ) and diamidines (0.1% propamidine isethionate); for those who fail topical treatments, surgical interventions such as therapeutic penetrating keratoplasty (PKP) or deep anterior lamellar keratoplasty are undertaken. 4, 5 Although numerous studies have been performed in an effort to improve failure of topical medications is not uncommon, and PKP is still required in at least 25% of cases. 10 Therefore, novel treatments to enhance drug efficacy are needed to decrease the morbidity associated with AK.
Mechanical epithelial debridement has been established as an effective adjuvant therapy for AK. 11 We have modified this mechanical debridement procedure by pretreating the cornea with ethanol. 12 Using a method similar to laserassisted subepithelial keratomileusis (LASEK), we soaked the cornea with ethanol for 30 seconds and performing full-thickness debridement of the corneal epithelium to remove the whole layer of epithelium, thereby encouraging penetration of topical anti-amoebic agents. Our preliminary results in four AK cases showed that ethanol pretreatment combined with epithelial debridement was a successful technique. 12 The aim of this study was to report the long-term effect of ethanol pretreatment in AK. We found that ethanol pretreatment not only produced favorable results in patients with early AK but also achieved satisfactory outcomes in some patients with advanced recalcitrant AK and deep stromal involvement.
Patients and methods

Study approval, design, and subjects
The protocol for this retrospective study was approved by the institutional review board of National Cheng-Kung University Hospital, which granted a waiver of the need for informed consent because the data source used maintained patient anonymity. We reviewed the medical records of patients at National Cheng-Kung University Hospital from December 1, 2009, to December 31, 2015, and identified the patients with positive results for both culture and polymerase chain reaction (PCR) examinations for inclusion in the study. Patients who could not be followed up for 1 year were excluded.
Efficacy outcome measures
The primary efficacy outcome measure was the success of ethanol pretreatment in eyes with AK, which was defined as a clinically stable condition, complete recovery from infection, and acceptable corneal haze. Failure was defined as progressive AK and requirement for PKP. The secondary outcome measure was the change in best-corrected visual acuity (BCVA) at each follow-up visit.
Safety outcome measures
The safety outcome measures were the intraoperative and postoperative complications of ethanol pretreatment.
Surgical technique of alcohol-assisted epithelial debridement
We performed ethanol pretreatment by placing a 7-mm corneal well (Asico, Westmont, IL, USA) over the clinically involved area, filling the well with 20% ethanol, withdrawing the ethanol after 30 seconds by adsorbing it into a cellulose sponge, irrigating the ocular surface with 10 mL of balanced salt solution, and then peeling off the well-delineated corneal epithelium with a blunt spatula. The debrided full-thickness epithelium was divided into several portions that were sent for Gram staining, acid-fast staining, histopathologic examination, PCR, and culture in non-nutrient agar overlain with Escherichia coli.
Care protocol
After ethanol pretreatment, all patients received corneal epithelial debridement and topical combination therapy consisting of 0.02% PHMB and 0.1% propamidine isethionate. The topical medications were to be applied hourly for at least 1 week and then tapered weekly according to the patient's clinical response. Ethanol pretreatment was repeated if the clinical response was inadequate. The study eyes were examined daily in patients who had been admitted to the hospital. Patients who were being followed up in the outpatient department were seen on days 1, 3, 7, 14, 21, and 35, and at 1-month intervals thereafter.
Collection of data
Data were collected at each visit in a predesigned format, and the completed form was filed in the medical record. These data included patient age and sex, Snellen BCVA, details of the ethanol pretreatment procedure, any intraoperative or postoperative complications, microbiology results, duration of follow-up, and slit-lamp findings for the ocular surface.
Statistical analyses
SPSS version 17 software (SPSS Inc., Chicago, IL, USA) was used for data analysis. Continuous parametric data are reported as mean ± SD and nonparametric data are reported as the median and range. Visual acuity was recorded using the Snellen chart and converted to logarithm of the minimum angle of resolution (log MAR) units for the statistical analyses. Fisher's exact test was used to compare categorical data. 
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Ethanol pretreatment in Acanthamoeba keratitis A two-tailed P-value of <0.05 was considered statistically significant.
Results
Patient demographics and clinical characteristics
From December 1, 2009, to December 31, 2015, 24 eyes (22 patients) with AK were identified to have received ethanol pretreatment. The patient demographic and clinical characteristics are summarized in Table 1 . The mean patient age was 23.4 ± 11.1 (range 13-49) years. A total of 12 patients were female and 10 were male. The infection was in the right eye in 12 cases and in the left eye in 12 cases. Nine eyes had a history of rigid gas permeable (RGP) lens use, and 11 had a history of soft contact lens (SCL) use; 4 eyes were in patients who denied any history of wearing contact lenses. A total of 22 eyes (91.7%) had an initial BCVA of <20/30 and 17 (70.8%) had a final BCVA of >20/30. The microbiology results showed that 14 eyes were infected by Acanthamoeba castellani and 10 by A. polyphaga. A total of 20 eyes were treated successfully, while the remaining 4 eyes showed rapid progression and underwent PKP for infection control.
Efficacy of ethanol pretreatment
The clinical features of the successful and failed ethanol pretreatment groups are compared in Table 2 . At the final follow-up visit, 20 (83.3%) of the 24 eyes were clinically stable without evidence of active lesions or recurrent infection. A total of 18 (90.0%) of the 20 eyes that responded favorably to ethanol pretreatment had trace corneal haze. There was no difference in patient age or sex, laterality, or type of contact lens use between the successful and failed ethanol treatment groups. However, the mean interval between the onset of symptoms and the intervention with ethanol pretreatment was 11.5 ± 5.3 days in the successfully treated cases and was significantly shorter (P = 0.02) than that in the treatment 
Safety of ethanol pretreatment
No intraoperative and postoperative complications were detected in the eyes pretreated with ethanol. The epithelial defect generated after ethanol pretreatment healed within 2 weeks. Therapeutic PKP was performed uneventfully in the four eyes that did not initially respond to the treatment after the ethanol pretreatment.
Visual prognostic factors
We divided the successfully treated eyes into two subgroups, i.e., those with more BCVA improvement (log MAR >0.2) and those with less improvement (log MAR ≤0.2) to determine the visual prognostic factors (Table 3 ). There was no significant difference in the age or sex distribution between the two subgroups; however, patients with worse initial BCVA showed significant improvement (P = 0.001). To determine whether the type of contact lens use would affect the outcome of ethanol pretreatment, we compared the demographic data for the RGP and SCL groups (Table 4) .
A total of 18 of the 20 successfully treated eyes had a history of wearing contact lenses (RGP, n = 9; SCL, n = 9). The patient age was 20.3 ± 10.8 years in the RGP group and 22.0 ± 5.1 years in the SCL group; the difference was not significant. However, patients with a history of wearing RGP lenses had worse initial BCVA (P = 0.02) but had more improvement in vision (P = 0.01).
Discussion
Early and accurate diagnosis is the key factor in the prognosis and final visual outcome of AK. 13 Previously, the use of a spatula or blade for mechanical epithelial debridement had satisfactory results in the diagnosis and treatment of earlystage AK.
14 However, extensive epithelium debridement down to Bowman's layer can be difficult to complete, especially in young contact lens wearers, in whom adherence of the basal epithelial cells to the basement membrane is stronger. Soaking the cornea with a dilute solution of ethanol (20%) before debridement, as described in this study, is a well-established procedure for refractive surgery, such as photorefractive keratectomy and LASEK. 15 Furthermore, ethanol has been found to have a cytotoxic effect on some infectious forms of Acanthamoeba. 16, 17 Therefore, soaking the cornea for 30 seconds in ethanol before debridement not only allows ophthalmologists to easily separate the full thickness of the epithelial layer from the basement membrane in both young and older patients with AK, but also had some parasiticidal effects. Moreover, the larger specimens harvested during debridement ensure not only a higher chance of diagnosing AK but also a better chance of penetration of topical antiamoebic agents. 
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In a previous study, we described four cases of early AK which were successfully treated by pretreating the cornea with ethanol. 12 Long-term follow-up of these cases showed that not only early-stage AK but also advanced late-stage AK could be successfully treated. Figure 1 shows three eyes with involvement of the corneal stroma in which dense ring-shaped infiltrations and corneal thinning were found on slit-lamp examination. Based on the previous studies, these eyes were classified as stage III-V AK. 13, 18 In such cases, up to 58.3% of patients may require corneal surgery. 18 Ethanol pretreatment and corneal epithelial debridement were performed soon before topical administration of 0.02% PHMB and 0.1% propamidine isethionate. The topical medications were prescribed hourly for at least 1 week and then tapered weekly according to the clinical condition of the eye. For these severe AK patients, ethanol pretreatments were repeated for three times, and no toxicity was noticed due to ethanol application. During admission, the eyes were examined daily. After discharge, the patients were followed up in the outpatient department on days 3, 7, 14, 21, and 35, and at 1-month intervals thereafter. After 18 months of follow-up, there were no signs of recurrent AK, the final BCVA was as high as 20/20, and none of the eyes needed PKP.
Previously, Robaei et al 10 reported that 50 (25.5%) of 196 cases diagnosed with AK finally underwent keratoplasty. A total of 24 of these 50 cases required optical keratoplasty after healing and 26 required therapeutic keratoplasty for refractory AK. The median duration of symptoms before diagnosis was 35 (25- 
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Lin et al However, we found that the four eyes that failed treatment had a significantly longer interval (>3 weeks) between the onset of symptoms and ethanol pretreatment (37.3 ± 15.2 vs 11.5 ± 5.3 days, P < 0.05). Thus, despite ethanol pretreatment being an effective therapy, we believed that early and accurate diagnosis still plays a crucial role in the visual prognosis. Nowadays, wearing contact lenses is the strongest risk factor for AK. 8 In our study, 20 (83%) of 24 eyes had a history of contact lens use; 11 patients wore SCL and 9 wore RGP lenses, including orthokeratology lenses. We found that ethanol pretreatment was effective regardless of whether AK was RGP related or SCL related. Patients with a history of wearing RGP have better improvement in vision after undergoing ethanol pretreatment. Therefore, given that the wearers of RGP lenses, especially orthokeratology lenses, are younger, we suggest that ethanol pretreatment can achieve a favorable visual outcome in these patients and reduce the need for keratoplasty in the future.
Finally, there are >10 species of Acanthamoeba that can cause AK. The most common species are A. polyphaga and A. castellani, 23 which were the causative pathogens isolated from all 24 eyes in our study. Ethanol pretreatment was effective for both species.
Although ethanol pretreatment was effective and safe, there are a few limitations to our study. First, there was no control group for comparison. However, since its introduction in 2009, ethanol pretreatment has proven to be not only theoretically effective but also genuinely promising in clinical practice. Therefore, in the interests of patient welfare, we have used ethanol pretreatment and corneal epithelial debridement in combination with anti-amoebic agents in all our patients with AK since 2010. Second, because AK is a relatively rare infectious disease, we could only identify 24 cases for inclusion in our study. This number is far fewer than the 196 cases treated in 1991-2012 at Moorfields Eye Hospital, 10 but is close to that treated in other centers throughout the world (on average four eyes per year). 20, 24, 25 We know that a randomized clinical trial (RCT) assigning patients to either ethanol pretreatment or standard epitheliectomy is the best way to determine better treatment for AK. Although, AK is still a rare disease, and different genotypes may lead to diverse results, it is mandatory to include controls and more cases in future studies. Therefore, it may take several years for an RCT to yield a promising conclusion. In publishing this article, we hope that sharing our experiences of ethanol pretreatment will encourage other ophthalmologists to collaborate with us in an RCT.
Conclusion
We demonstrated that ethanol pretreatment was a safe and effective procedure in patients with AK. For patients who were diagnosed within 3 weeks, ethanol pretreatment combined with corneal epithelial debridement produced favorable results even in eyes with severe recalcitrant AK. Moreover, ethanol pretreatment might preclude the need for optical and therapeutic keratoplasty and achieved more visual improvement in RGP wearers. An RCT is needed to confirm the effects of ethanol pretreatment in AK.
